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1. Introduction 
Supramolecular polymers are macromolecules in which the monomer units are kept 
together by non-covalent interactions. In a broader sense, the term is also used for self-
organized macromolecules of conventional polymers involving non-covalent interactions to 
determine their material properties (M. Zigon, G. Ambrozic, 2003). It is well known that the 
physical properties of linear polymers and organic molecules are strongly modified when 
they contain associating end groups. Supramolecular polymers combine the features of 
supramolecular species with polymeric properties 
Self-organizing materials, which include liquid-crystalline polymers, block copolymers, 
hydrogen-bonded complexes, biological polymers, have great potential for various 
functional materials. Manipulation of supramolecular nanostructure in self-organizing 
materials is of critical importance for achieving desired functions and properties in solid 
state and liquid crystalline state molecular materials (M. Lee, B.K. Cho, et.al. 1999). 
Although hydrogen bonds between neutral organic molecules are not very strong, they play 
a very important part in molecular recognition, self-assembling in bio-macromolecules, 
increasing miscibility in polymers blends, organization in liquid crystals. The directionality 
and versatility of the hydrogen bonds are the major keys for their implication in 
supramolecular polymers design. It has been observed that hydrogen bonding in 
supramolecular polymers is enhanced by liquid crystallinity and phase separation (. L. 
Brunsveld, B.J.B. Folmer, et.al., 2001).  
The self-assembly of carboxylic acids as proton donors with pyridyl fragments as proton 
acceptors is most frequently used in the formation of H-bonded structures [4]. Such 
supramolecular polymers have been obtained and investigated, especially for liquid 
crystalline properties [M.Lee, B.K. Cho, et.al. 1999, M. Parra, P. Hidalgo et.al., 2005, H. Han, 
A.H. Molla et.al., 1995, Y.S. Kang, H. Kim et.al., 2001, M. Parra, P. Hidalgo et. al., 2005; P.K. 
Bhowmik, X.Wang et. al., 2003, 2, 4-8]. Siloxane-containing benzoic acids and bipyridine also 
form interesting supramolecular structures, with cubic mesophases (E. Nishikawa, E. T. 
Samulski, 2000). This paper presents the sensitivity of gases in specially CO2 of the organo-
siloxane supramolecular polymers. 
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2. Synthesis and characterization of organo-siloxane supramolecular 
polymers 
2.1. Materials 
4,4`-Bipyridyne, (Fluka), m.p. 109-112oC, was used as received. 
 
1,3-Bis(3-carboxypropyl)tetramethyldisiloxane, [HOOC(CH3)3(CH3)2Si]2O, CX, was 
synthesized by using the method described in ref. [10] (the hydrolysis of 1,3-bis(3-
cyanopropyl)-tetramethyldisiloxane); m.p. = 50 oC. IR, cm-1: 3000 cm+1 (OH), 1710 (-CO-); 
1075 (Si-O-Si). 1HNMR (CCl4); ฀, ppm: 0.0-0.25 (Si-CH3); 0.41-0.85 (t, -CH2-Si); 1.4-2.0 (m, -
CH2-); 2.15-2.6 (-CH2-COOH); 10.8-11.00 (COOH); 84% yield. 
1,3-bis(carboxytrimellityliido-N-propylene)tetramethyldisiloxane, m.p. 200oC. 
 
2.2. Methods for polymers synthesis 
A series of organo-siloxane supramolecular polymers was obtained, starting from 4,4’-
bipyridine as an acceptor and different silicon-containing carboxylic acids as hydrogen-
donor molecules [10]. 
The standard procedure was applied, i.e. mixing of stoechiometric amounts of 4,4’-
bipyridine and siloxane diacids, in a non-polar solvent, followed by distillation and vacuum 
drying. We also tested the contact method, which gave very good results, proving that such 
supramolecular polymers are very easily obtainable, due to the natural molecular 
recognition process. 
In this study, two of these supramolecular polymers were tested for potential application as 
gas sensors. The structures of the studied compounds are presented in Fig. 1. The starting 
disiloxane diacids, 1,3-bis(carboxypropyl)tetramethyl-disiloxane and 1,3-
bis(carboxytrimellitylimido-N-propylene)tetramethyldisiloxane were synthesized 
following the methods described in the literature (J.E. Mulvaney, C.S. Marvel 1961, A. 
Staubli, E. Ron, R. Langer, 1990); (M.p. 50 oC). 
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Fig. 1. Chemical structure of the supramolecular polymer.(a): CH2 polymer; (b). CH5 
polymer 
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Fig. 1. Chemical structure of the supramolecular polymer.(a): CH2 polymer; (b). CH5 
polymer 
 
2.3. Methods for polymeric structural characterization of polymer 
 
2.3.1. Thermal analysis 
The thermal characterization by DSC showed for CH2 a melting temperature of 63oC, while 
by polarized optical microscopy a narrow smectic mesophase was observed, between 62 and 
68oC. The heating rate didn’t allow us to observe two endothermal peaks in DSC. For CH5, 
the DSC results confirmed the polarized optical microscopy observations, i.e. the presence of 
a mesophase between 130 and 160 oC, which were proved by the presence of two 
endothermal peaks on heating. In Fig. 2, the DSC curves of polymer CH5 are presented, at 
first (a) and second heating scan (b).  
 
  
Fig. 2. The DSC curves on first heating (a) diacid and the second heating (b) for the 
supramolecular supramolecular polymer CH5 
 
2.3.2. FT-IR spectra 
The formation of the hydrogen bonds was primarily verified by FT-IR spectroscopy which 
showed two specific broad absorption bands centered at around 1923 and 2475 cm-1 for CH2 
and at around 1940 and 2450 cm-1 for CH5 (H. Han, A.H. Molla, 1995), as can be observed in 
Fig. 3 and 4. All the other absorption bands, corresponding to the proposed structures were 
present: siloxane Si-O-Si asym. at 1030 cm-1, CH3 def. at 1250 cm-1, CH3 rock at 812 cm-1, 
COOH at about 1700 cm-1, aromatic at 1600 cm-1. Nevertheless, a slight shift of the 
carboxylic C=O band did occur, reported to the starting diacids (see for example Fig. 3. 
All the other absorption bands, corresponding to the proposed structures were present in 
the polymers, with small shifts compared to the starting compounds, as can be 
observed in Table 1. 
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Fig. 3.FT-IR spectra for CH2 polymer of the supramolecular polymer   
 
 
  
Fig. 4. FT-IR spectra for CH5 polymer 
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Fig. 3.FT-IR spectra for CH2 polymer of the supramolecular polymer   
 
 
  
Fig. 4. FT-IR spectra for CH5 polymer 
 
Compound wavenumber, cm-1 Assignment 
4,4`-Bipyridine 1590 heteroaromatic 
812, 806 arC-H  oop 
1,3-bis(carboxytrimellityliido-N-
propylene)tetramethyldisiloxane 
787 arc-H 1,2,4 
trisubstituted 
841, 1060, 1253 CH3-Si; Si-O-Si 
1716 C=O acid 
1777 C=O imide 
CH5 785 arc-H 1,2,4 
trisubstituted 
807 arC-H  oop 
838, 1067, 1252 CH3-Si; Si-O-Si 
1600 aromatic 
1717 C=O acid 
1771 C=O imide 
1950, 2443 H-bonding 
Table 1. The main FT-IR absorption bands in the starting compounds and supramolecular 
polymers 
 
2.3.3. 1H-NMR spectra 
1H-NMR spectra showed one set of signals and slightly modified chemical shifts compared 
to the starting compounds, indicating that the polymers were stable in chloroform, at least 
on the analysis time scale. The polymer spectrum is presented in Fig. 5. 
 
  
Fig. 5. 1H-NMR Spectrum of the supramolecular polymer 
 
www.intechopen.com
Polymer Thin Films258
3. Gas sensing mechanism of organo-siloxane supramolecular polymers 
In order to analyse the influence of the testing gas - in this case CO2 - on the chemical 
structure of the supramolecular polymers, we registered the IR spectrum of sample CH2, 
after maintaining it for an hour in a CO2 atmosphere. As can be observed in Fig. 6, the bands 
corresponding to the H-bond didn’t change and no other existing absorption bands suffered 
noticeable modification. This result shows that the compound is chemically stable at 
exposure to the testing gas. 
 
 Fig. 6. FT-IR spectra of the starting supramolecular polymer CH5 before and after exposure 
to CO2  
 
4. CO2 sensing properties of polymers 
4.1. Thin and thick technology for microsensors fabrication 
 
4.2. Device 1 
Fig. 7 shows the structure of the sensor. An alumina subtrate 6 x 6 x 0.5 mm was used. On 
one side of the substrate was screen-printed an interdigitated electrode array using Au ink 
and heat treated at 950C for 1 h. The sensitive layer obtained by dissolving the polymer in 
chloroform was deposed on the substrate with provided electrode by spin coating method. 
The sensor contains the pads of Pd – Ag conductive ink and the conductive layer of Ag ink 
heat treated at 750C for 30 minutes. 
  
 Fig. 7. Sensor configuration; 1 – alumina substrate; 2 – electrode; 3 –polymeric layer; 4. pad. 
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4.3. Device 2  
The sensor is composed from an alumina substrate 5 x 5 x 0.6 mm, where on one side of the 
substrate was deposed by magnetron sputtering 2 plates gold electrodes distanced at 3 mm. 
The deposed conditions were: pressure argon 1,9 torr, voltage 500V and the deposed time 
was 30 minutes. The sensitive layer obtained by dissolving the polymer in chloroform was 
deposed on the substrate with provided electrodes by spin coating method in the 200 nm 
thickness. The sensor was mounted on the transistor ambase-Fig. 8. 
 
 Fig. 8. The sensor configuration 
1- alumina substrate; 2- sensitive layer; 3- electrodes 
 
4.2. The characterization of microsensors 
 
4.2.1. Device 1  
 
The testing measurement 
The detection testing of gases CO2 and NOx was performed in a 100 ppm concentration and 
the voltage measurements were effected with a multimeter type APPA 301 TRUE RMS. 
The sensor was exposed in the CO2 and NOx atmospheres in 100 ppm concentration and 
was measured the voltage in function of the time. For the CH2 polymer were obtained for 
CO2 the voltage value about 70 mV after 10 minutes after gas exposure and for NOx was 
obtained the small value of the voltage by 4 mV. For the CH5 polymer were obtained 238 
mV for NOx and 92 mV for CO2 atmospheres after 30 minutes exposure. Results that, the 
polymer CH5 is more sensitive to gases against CH2 polymer and the CH5 polymer is more 
sensitive to NOx. CH2 is sensitive to the CO2 and unsensitive to NOx. Fig. 9 and 10 present 
the characteristics voltage - time for the CH2 and CH5 polymers. 
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 Fig. 9. The characteristic voltage time for the CH2 polymer       
 
4.2.2. Device 2 
 
The testing measurements 
The detection testing of gas CO2 was performed in a 100 and 1000 ppm gas concentration 
and the voltage measurements were effected by testing module, in automated process 
mode. An control panel, provides a lot of measuring value, by rate 1/10 second. 
 
 Fig. 10. The characteristic voltage-time for CH5 polymer                 
 
The bench of testing for the gas sensor consists in an enclosure where there are set the 
testing conditions of the sensor as well as in connected equipment. The whole process of 
testing is automated, being controlled by a programmable automaton. The gas for testing is 
introduced in a controlled way in the testing enclosure, through a mass debitmeter. In the 
testing enclosure is set a constant temperature, controlled by a temperature regulator-Fig. 
11.  
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The bench of testing for the gas sensor consists in an enclosure where there are set the 
testing conditions of the sensor as well as in connected equipment. The whole process of 
testing is automated, being controlled by a programmable automaton. The gas for testing is 
introduced in a controlled way in the testing enclosure, through a mass debitmeter. In the 
testing enclosure is set a constant temperature, controlled by a temperature regulator-Fig. 
11.  
 Fig. 11. The apparatus for the gas sensor testing 
 
The gas sensing characteristics 
The testing gas was CO2 in 100 and 1000 ppm concentrations. Fig. 12 shows the 
characteristics voltage-time for 3 sensors exposed at 1000 ppm CO2. It can be see that in the 
first 5 minutes gas exposure, the signals of the sensors are very weak with the voltage values 
of 660, 720 and 800 mV corresponding of sensor 1, sensor 2 and sensor 3. Fig. 13 presents the 
characteristics voltage-time for the sensor 3 exposed in 100 and 1000 ppm where were 
obtained the maximum voltage values of 92 mV for 100 ppm CO2 and 970 mV for 1000 ppm 
CO2 after 30 minutes gas exposure.  
 
 Fig. 12. The characteristics voltage-time for 3 sensors exposed at 1000 ppm CO2 
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 Fig. 13. The characteristics voltage-time for sensor 3 exposed at 100 and 1000 ppm CO2 
 
4.3. The signal conditioning of polymeric sensitive layer for device 2 
The electronic design of conditioning detector presented in Fig. 14, contains two 
amplification stages, cascade connected and realized with integrated circuit operational 
amplifier with JFET transistors at input, LF 356 type. The input impedance of these is 
theoretically infinite, practically very large, around Z ≈ 10MΩ. Therefore, the polarizing 
currents, when the sensitive element of the transducer is connected, are extremely small and 
the measured value is very precise. The sensitive element of the sensor of CO2 is connected 
to the operational amplifier U1 in common mode, on the reversing input. Every one of these 
amplification stages realizes an amplification factor A1 and A2, respectively, corresponding 
with the realized reversing input 
 
 Fig. 14. Electronic design of conditioning 
 
The global amplification factor can be written, if we count that every amplification stage 
represents a basic cvadripole and the interaction is made exclusively through the terminals,  
 
 2*1 AAA  ,                 (1) 
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The global amplification factor can be written, if we count that every amplification stage 
represents a basic cvadripole and the interaction is made exclusively through the terminals,  
 
 2*1 AAA  ,                 (1) 
where: 
 351
2510
3
1091max  R
RARA ,       (2) 
and 
 1251
25100
7
1182max  AR
RARA .       (3) 
We have obtained:  
 4375)125)(35(max A         (4) 
If the values of the potentiometers R10 and R11 are null, is obtained:  
 1000)100)(10(min A          (5) 
Obviously, if we would have wanted to use a single amplification stage for realizing the 
same maximal amplification value, most probably this would have transformed in an 
oscillator.  
Of course, the final value of the global amplification is stabilized around the value A ≈ 2500, 
being related with the resulted values in the transfer characteristic of the sensitive element.  
The integrated circuit operational amplifiers U1 and U2, respectively, type LF 356, have 
capabilities of regulating the input offsets, through the R5 and R6 potentiometers. The 
regulating algorithm is:  
With the reversing input of the operational amplifier U1 at the null potential, it is activating 
on the R5 potentiometer, until the output voltage, (pin 6 U1), is null, with R7A disconnected; 
With the reversing input of the operational amplifier U2 at the null potential, it is activating 
on the R6 potentiometer, until the output voltage, (pin 6 U2), is null, with R7A disconnected; 
In an iterative way, there are repeated the procedures in the stages 1 and 2, until the output 
voltage of the operational amplifier U2 is zero, when the reversing inputs of the operational 
amplifiers U1 and U2 are at null potential.  
The output signal OUT1-Fig. 15, is a common mode voltage, picked at the output of the 
operational amplifier U2.  
The supply voltage Vcc and VEE, respectively, is dual polarity power supply, stabilized. This 
is differentiated, ±15Vcc, in comparison with the null potential bar.  
The capacitor groups C1 – C5; C3 – C7; C2 – C6; C4 – C8; make a decoupling of the supply 
voltage, in the immediate closeness of the operational amplifiers.  
Another important design consideration is how circuit gain affects error, such as noise. 
When the operational amplifier U1 and U2 is operating at higher gains, the gain of the input 
stage is increased. At high gain, the input stage errors dominate. That is: input noise = eni 
and output noise = eno. Total noise RTI and RTO are calculated, (Charles Kitchin Lew 
Counts, 2004). 
 
    22 /GainenoeniRTI      (6) 
 
    22)( enoeniGainRTO        (7) 
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Typical noise of the LF 356 is specified, (LF356/LF357 JFET, 2001), as HznVeni /12 , 
and HznVeno /80 . Total noise RTI and RTO of the LF 356 operating at a gain of 10 is 
equal to:  
HznVRTI /42,14 , HznVRTO /144  
Also, the noise input current of the LF 356 is very low, HzpA /01.0 . 
Another design for this conditioning CO2 transducer amplifier is showing in Fig. 15. The AD 
8224 can operate on a ± 15 V dual supply. The most important parameter for this application 
is common - mode rejection ratio (CMRR). The AD 8224 has a high CMRR, of 94 dB for G = 
10. In addition, slew rate of the AD 8224 is 2V / μs and the transfer function, (Charles 
Kitchin and Lew Counts, 2004). 
  
 AR
kG 1
4.4911 , respectively,      
 BR
kG 1
4.4912    (8) 
 
 Fig. 15. Precizion, AD 8224 JFET Input instrumentation amplifier for CO2 transducer 
interface. 
 
Placing a resistor across the AR1  and BR1  terminals, sets the gain of the AD 8224. For 
best performance, by using standard value of 1% resistor AR1  = BR1  = 5.49 KΩ, 
calculated gain is 9.998. 
For optimum performance, a low – pass R – C network can be placed at the input of the 
instrumentation amplifier. This filter limits the input signal bandwidth according to the 
following relationship, (Charles Kitchin and Lew Counts, 2004): 
    ACACARFilterFreqDIFF 12222 1      (9) 
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best performance, by using standard value of 1% resistor AR1  = BR1  = 5.49 KΩ, 
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where:  
 AC1 = AC3 and ARAR 32      (10) 
As shown, Fig.15, R2A=R3A=4.02kΩ can be metal film resistors and AC1 = AC3 =1nF, 
AC2 = 10nF miniature size micas. 
Fig. 16 presents the ansamble of image for CO2 detector. As shown in Fig. 16, this 
application required a variable gain amplifier. 
 
  
Fig. 16. The image of CO2 detector 
 
5. Theoretical aspects of equivalent scheme 
5.1. General equivalent circuit of active sensor 
As a first step in the direction to make clear the study of gas sensor is following 
classification; 
a) Active sensor and represents a sensor which convert the gas effect of the sensible 
material in a microvoltage -Fig. 17. Example: gas electrochemical sensor. 
b) Passive sensor represents a sensor which convert the gas effect of the sensible material 
in a change of an electric resistance or an electric capacitance-Fig. 18,.example; gas 
semiconductor sensor. 
 
 Fig. 17. Active sensor 
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 Fig. 18. Pasive sensor 
 
By the electric characteristic Gopel (W.Gopel, 1996), proposes a classification: 
- Sensor type resistor. 
- Sensor type diode. 
- Sensor type capacitor. 
An active gas sensor (with polymeric sensitive layer) accepting as a converter with stimuli 
gas concentration (percentage, ppm) and a terminal or electric port:voltage (U) is presented 
in fig.19.  
 
 Fig. 19. The gas sensor as a converter. 
 
5.2 The ideal characteristics of an equivalent voltage source. 
In keeping with the theory of electric circuits the active sensors have the following 
equivalent circuit -Fig. 20. 
 
  
Fig. 20. General equivalent circuit of active sensor 
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 Fig. 19. The gas sensor as a converter. 
 
5.2 The ideal characteristics of an equivalent voltage source. 
In keeping with the theory of electric circuits the active sensors have the following 
equivalent circuit -Fig. 20. 
 
  
Fig. 20. General equivalent circuit of active sensor 
This equivalent circuit is a general scheme which represents a voltage source with base 
equations (Joubert) (C.I.Mocanu, 1979, C.A. Desoer,E.S.Kuh, 1969): 
      b sU E R i             (11) 
where E - the electromotive force, sR  voltage source series internal 
resistance, bU  terminal voltage of source, i  electric current.In Fig. 21 is presented and 
ideal characteristics for equivalent circuit. 
 
5.3 Current source.Equivalent source and characteristics 
Any voltage source consisting of an electromotive force E independent of the terminal 
current I , having an internal series resistances sR can be replaced by a current source  
 
  
Fig. 21. The ideal characteristics of an equivalent voltage source. 
 
consisting of a current gI independent of the terminal voltage bU , having an internal 
resistance gR  with equation: 
 
b
g
g
UI I R   
        (12) 
The behaviour of sensor gas asimilated as the voltage source is not linear on different 
subdomains and the real characteristics ( )U i -Fig.22. 
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Fig. 22. The real and ideal characteristics ( )U i  for a voltage source 
 
5.4 Analog equivalent circuit of the active gas sensor 
The theoretical aspect which was presented forward is a synthetic macroscopic treatment of 
active sensor gas electric analysis. We consider for a detail study a geometric model –Fig. 23. 
Gaseous substances can affect the performance of the device. The adsorbtion and desorbtion 
such as gas molecules on the surface of sensible sensor layer may cause signal amplitude or 
phase or frequency fluctuation. This kind of perturbation can be described by dynamic 
process. The surface inference, fluctuations, particles adsorbtion, desorbtion and random 
movement of particles are the important aspects for the knowlidge of activ gas sensors. 
 
 Fig. 23 Sensor geometry modelling 
 
Is necessary to formulate the electrokinetics problem of the active gas sensor: 
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 Fig. 23 Sensor geometry modelling 
 
Is necessary to formulate the electrokinetics problem of the active gas sensor: 
Either a known topology of active gas sensor domain. To be investigated local and general 
equivalent circuit of domain referring to la imprintelectric field and the density 
(distributions) of this fields with the goal of modelling and determination of output electric 
signal; voltage, current and the specific parameters; sensibility, response time, linearity of 
signal, resolution, hysterezis. 
 -active gas sensor domain is n-connected space; s e ec slc       and is 
formed by conductors (I and II category) in contact and which generate different imprint 
electric fields (C.A. Desoer,E.S.Kuh, 1969, C.I.Mocanu 1984): 
 
- electrolityc nature with gas reaction egrE ,  
- electrolytic nature eiE  (another than gas sensor), 
- microcontact nature ,ciE  
or others (C.A. Desoer, E.S. Kuh, 1969, C.I.Mocanu 1984). The domains represent; sl -
domain of sensible layer, slc -domain of microcontact between the different parts 
(subdomains) of sensible layers, e -domain of electrode, ec -domain of microcontact 
between sensible layer and electrodes of sensor. 
 
Either g  the molecular flux of the gas specie giving rise to the active sensor signal and 
referred to the geometrical model: 
 g react rm sl e ec slc rm               (13) 
where; sl - the molecular flux to sensible part (layer ) of active sensor, e  the molecular 
flux to electrode surface, ec  the molecular flux to the microcontact between electrode –
sensible layer, 
slc  the molecular flux to the contact between two sensible subdomains 
( 1,i iS S  ), react  the reacted flux molecules, rm  the reflected molecular flux. 
The sensible layer of sensor include 1,..., ,...i nS S S  subdomains sl  : 
 1 2 1 .... ....sl i i nS S S S S            (14) 
The assumption of sensible layer subdomains ( 1,..., ,...i nS S S  ) in microcontact is founded 
on the electron microscopie investigations (SEM) of sensible layer what indicates the 
existence of subdomains and the discontinuities in structure. We investigate especially the 
structure of NASICON (Na3Zr2SiO2PO12) disc, Na-super-ionic conductor/nitrite 
TiO2ZrO2Y2O3 and polymeric sensitive layers). We assume that each reacting molecules flux 
initiates a microvoltage source: 
 sl - ,slE , e  eE , ec  ecE , slc  slcE and the sensor domain can be modelled 
that in fig.24. 
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We assume that each reacting molecules flux initiates a microvoltage source: 
  sl - ,slE , e  eE , ec  ecE , slc  slcE and the sensor domain can be modelled 
that in fig.25. 
 
In this circuit ,E R represent the elements of voltage source; microelectromotive force 
(microvoltage ) and electric resistance reported to the microsubdomains. 
The detailed equivalent circuit includes a matrix structure (conform with the geometry and 
topology described - Fig.23) with elements of sensible subdomain in quadrature axis; 
1 1, , ,i i i isl sl sl slE R E R   and in longitudinal axis; 1 1' ' ' ', , ,i i i isl sl sl slE R E R  .In diagram are 
evidenced the component possible noise signal of microcontact sensible layer- electrode( 
,ec ecE R ) and reaction of gas with electrode ( ,e eE R ) which have the longitudinal 
components and appear that effect of local microcorrosion.Essential signal for sensor is the 
microvoltage generated in sensible layer or sensible subdomain; slE . 
Because the detailed equivalent circuit requires many informations about the subdomain is 
proposes a synthetic circuit in Fig.25. 
The electrokinetic equations by Kirkkof rules, are -Fig.24: 
 sl slc sI I I               (15) 
For ( , ) ( , )sl sl slc slcR E R E  the relations of microvoltage source and equivalent resistance 
are: 
 
sl slc slc sl
eq
sl slc
E R E RE R R
       (16) 
 
sl slc
eq
sl slc
R RR R R       (17) 
and the equivalent circuit becomes that in Fig 26 with the general equation; 
 ( ) ( )eq ec c s s eq ec eE E E U I R R R          (18) Finnaly: 
 ( ) ( )s eq ec e s eq ec eU E E E I R R R         (19) or with equivalent relations of microvoltage source and resistance: 
( )( )sl slc slc sl sl slc ec e slc sl
s ec e s
sl slc sl slc sl slc
E R E R R R R R R RU E E IR R R R R R
            
There are following cases: 
I. 0slc ec eE E E   represents the ideal case when the are nor internal noise 
microvoltage sources: 
 1 2s slU E k k    (20)  
where: 
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For ( , ) ( , )sl sl slc slcR E R E  the relations of microvoltage source and equivalent resistance 
are: 
 
sl slc slc sl
eq
sl slc
E R E RE R R
       (16) 
 
sl slc
eq
sl slc
R RR R R       (17) 
and the equivalent circuit becomes that in Fig 26 with the general equation; 
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( )( )sl slc slc sl sl slc ec e slc sl
s ec e s
sl slc sl slc sl slc
E R E R R R R R R RU E E IR R R R R R
            
There are following cases: 
I. 0slc ec eE E E   represents the ideal case when the are nor internal noise 
microvoltage sources: 
 1 2s slU E k k    (20)  
where: 
 
1 2
( )( ),slc sl slc ec e slc sl s
sl slc sl slc
R R R R R R Rk k IR R R R
       (21) 
The characteristic ( )s sU E is presented in Fig.27. 
 
 Fig. 24. Detailed equivalent circuit of active gas sensor 
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 Fig. 25. An equivalent synthetic circuit of active gas 
 
 Fig. 26. The final equivalent synthetic circuit of active gas 
 
 Fig. 27. Characteristic Us (Es) in ideal case without the noise microsources 
 
Essential every problem of gas sensor generation; measurement, control, involves the 
conversion of the conversion of the chemical in electrical energy. In dealing, with active gas 
structure, chemical-electric coupled systems, it is very convenient at some times and 
essential at others to treat the combined gas sensor as an entity. The basic idea of an electro-
chemical analogy comparison is the following: 
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Essential every problem of gas sensor generation; measurement, control, involves the 
conversion of the conversion of the chemical in electrical energy. In dealing, with active gas 
structure, chemical-electric coupled systems, it is very convenient at some times and 
essential at others to treat the combined gas sensor as an entity. The basic idea of an electro-
chemical analogy comparison is the following: 
 Gas circuit Electric circuit 
Potential Concentration - c Electric potential - V 
 
2 1c c c       
Concentration difference 
2 1U V V    
Voltage (Potential difference) 
Flux density 
d
cDS x
    ,
1
d
dg
c
S
D
      
Fick’s difussion flux dernsity 
S-surface of diffusion 
, UJ E I R   
Ohm’s law 
J  electric density current, 
I  electric 
current, R  electric resistance 
Constitutive 
parameter D  diffusion coefficient   electric conductivity 
Table 2. Basic analogies 
 
According to Fick’s first diffusion law [5.5] the evolution of the gas in active sensor, the rate 
(flux) d depends on the concentation gradient c, on sensible material subdomain iS : 
 
2
iS d dx
dcDS dx 
          (22) 
where S is the surface area and D the diffusion coefficient, d- the thickness of sensible 
subdomain. To obtain the gas evolution rate as a function of gas active sensor, the time 
dependence of /dc dx  must be known. By Fick’s second diffusion law: 
 
2
2
c cDx x
     (23) 
If 0dc c dp  with 0c  initial concentration and p  gas pression, according to Henry 
law equation may therefore be written as: 
 ( )p o dpDSc dx    (24) 
 
which represent another analog model with gas pression p  -potential. 
Is possible to determine the solute distributions ( , )c x t  during transient states, (I. 
Lundsrom, 1996, W. Jost, 1952, H. Carslaw, J. C. Jaeger, 1959, V. S. Vladimirov, 1980, J. 
Crank, 1956). 
In the case of uniform initial concentration equation (25) can be satisfied by the solution 
(V.S. Vladimirov, 1980): 
  2 2
0
4 ( 1) (2 1)( , ) cos exp (2 1)2 1
n
i
n
x n Dtc x t C nn d d
 


            (25) 
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where t  time and iC  initial gas concentration. 
 With the basic analogies which was described in Table 1, is presented in Fig. 28 the 
equivalent circuit of the active gas sensor as a chemical gas subsystem (input of sensor) 
coupled with an electric subsystem (output of the sensor). 
 
 Fig. 28. Analog equivalent circuit of the active gas sensor 
 
The equation of this coupled circuits are: 
Input  
  sIche s ch dc K I Z      (26) 
Output 
  ds e s ech dU Z I K      (27) 
where c  gas concentration, sU  output voltage, d  flux gas, sI  electric current 
sensor, sIchZ  specific chemical gas sensor impedance to 0sI  (no load output): 
 
 
 
 
 0
s
s
I
ch
d I
cZ

   (28) 
deZ   specific electric impedance to 0d  (no-load input): 
 
 0
d
d
s
e
s
UZ I

 
  (29) 
cheK  coupled ratio or operator between chemical gas input and electric output: 
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deZ   specific electric impedance to 0d  (no-load input): 
 
 0
d
d
s
e
s
UZ I

 
  (29) 
cheK  coupled ratio or operator between chemical gas input and electric output: 
 
 0d
che
s
cK I  
   (30) 
echK - coupled ratio or operator between the electric output and chemical gas input: 
 
 0s
s
ech
d I
UK

    (31) 
The coupled operators; cheK and echK represents the reflected impedances. 
 
6. Conclusions 
A organo-siloxane supramolecular polymer was obtained, starting from 4,4’-bipyridine as 
an acceptor and silicon-containing carboxylic acids as hydrogen-donor molecules. The 
sensors were made by thin and thick film technologies. The thickness of polymeric layer 
deposed by spin coating on the alumina substrate was 200 nm. For the device 1, the sensor 
was exposed in the CO2 and NOx atmospheres in 100 ppm concentration gas and was 
measured the voltage in function of the time. For the CH2 polymer were obtained for CO2 
the voltage value about 70 mV after 10 minutes after gas exposure and for NOx was 
obtained the small value of the voltage by 4 mV. For the CH5 polymer were obtained 238 
mV for NOx and 92 mV for CO2 atmospheres after 30 minutes exposure. For the 3 sensors of 
the device 2, exposed at 1000 ppm CO2, were obtained in the first 5 minutes gas exposure 
very weak voltage signals of 660, 720 and 800 mV corresponding of sensor 1, sensor 2 and 
sensor 3. For the sensor 3 exposed in 100 and 1000 ppm CO2 were obtained the maximum 
voltage values of 92 mV for 100 ppm CO2 and 970 mV for 1000 ppm CO2 after 30 minutes 
gas exposure. The apparatus for CO2 detection is composed by the sensor and electronic 
device of signal conditioning. In the paper were discussed the theoretical aspects about 
equivalent scheme circuit of active sensors. 
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